Abstract The International Agency for Re s e a rch on Cancer (IARC) proposed this international historical cohort study trying to solve the controversy about the increased risk of cancer in the w o rkers of the Pulp and Paper In d u s t ry. One of the most important aspects presented by this
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I n t ro d u c t i o n
The cancer risk in the Pulp and Paper In d u s t ry has been controversial. Chlorine compounds a re some of the most important chemical substances suspected to be carc i n o g e n i c. T h e studies already done have suggested an exc e s s of certain cancers, especially lung cancer, malignant lymphomas, but for most part, they are i n c o n c l u s i ve with re g a rd to considerations of etiologic agents (Boffetta et al., 1991; Torén et al., 1996) . (Boffetta et al., 1991) . The aim of this project was to investigate the mort a l i t y and cancer morbidity in personnel employe d in plants producing pulp, paper and paper p ro d u c t s, and in mills invo l ved in the re c yc l i n g , in relation to specific processes and c h e m i c a l e x p o s u res in these industries (Bo f f e tta et al., 1991). The historical cohort was planned to foll ow more than 100,000 workers (W H O, 1995) .
T h u s, the In t e rnational Agency for Res e a rc h on Cancer (IARC) decided to perf o rm the Mu lticentric International Cohort Study of Wo rk e r s in the Pulp and Paper In d u s t ry which included 18 countries
The Brazilian Co h o rt is participating in the m o rtality study with 3,622 workers of one Pu l p and Paper In d u s t ry. The studied industry is one of the 10 biggest in Brazil producing 300,000 tons per year of pulp and 2,000 tons per year of paper with a Kraft pro c e s s. This is one of the first historical cohort studies carried out in Brazil and one of the few which had completed the follow-up with an acceptable lost.
This study is significant because of m e t h o dological challenges, such as data access, data a c c u ra c y, data ava i l a b i l i t y, multiple data sourc e, and the large follow-up period. The lack of models in the country and the lack of experience of the re s e a rch team with this study design we re also important challenges.
To people interested in learning more about historical cohort studies, or to implement them, it is instru c t i ve to examine in detail the methodology and operational issues of p revious studies (Bre s l ow & Da y, 1987). Co ns i d e ring that, this paper describes the stra t egies used to complete the follow-up of the Brazilian Co h o rt, and discusses some cri t i c a l issues to carry out a historical cohort study.
M e t h o d o l o g y The Brazilian cohort
The Brazilian cohort invo l ves blue and whitecollar work e r s, both sexes, with a minimum of one year continuous employment in the indust rial area of a Pulp and Paper In d u s t ry, wich is located in a city nearby the capital of the state of Rio Grande do Sul.
The exposition period of the cohort goes f rom June 1969 -when the industry starts -to December 1991. The workers dismissed before Ma rch 1972 we re excluded, because a gre a t p a rt of them we re working in the constru c t i o n of the industry. The follow-up period stops in December 1994 (Fi g u re 1).
L o g i s t i c C o h o rt constru c t i o n
To construct the cohort, the following identifying data we re collected: work e r's name, name of pare n t s, date of birth and sex, and the occupational data, such as department, job titles and dates of starting and ending each occupational peri o d .
This information was extracted at the ind u s t ry from three databases: the arc h i ve s, the a c t i ve workers files and the computeri ze d re c o rd s. The identification data was computeri zed to build the list of workers and to start the vital status identification. The list allowed us to check the workers who had been employe d m o re than one time to join their data.
Four re s e a rch assistants had worked in the c o h o rt construction for two months. After this first data collection, it was re a l i zed that the p a re n t s' names we re needed to link the identification data with other databases. One res e a rch assistant collected this extra inform ation in six months.
Vital status identification Electoral Court searc h
The central strategy to identify the vital status of the cohort was the El e c t o ral Co u rt searc h . This option was related to the legal obligation to vote for the Brazilian people over 18 years of a g e. T h u s, all Brazilians over 18 years old who are formally employed are registered at the Elect o ral Co u rt, and these re c o rds are computeri ze d .
To establish this vital status, a list was pri n ted with the identification data of the cohort and sent to the El e c t o ral Co u rt. The work e r s' n a m e, pare n t s' names and date of birth we re used by the El e c t o ral Co u rt to check the database of the state of Rio Grande do Sul. It identified the workers that we re alive, some re c e n t deaths and the ones who we re not on the re g i st e r s. A number of voting re g i s t rations we re not used because it had changed in 1986, and for the most part the workers with voting re g i s t ration numbers in the industry re c o rds we re the old ones.
The El e c t o ral Co u rt completed the searc h in six months.
Identification, at the industry, of the Vo t i n g Registration Emission Place and the curre n t number of the voting re g i s t r a t i o n s For the workers who we re not in the El e c t o ra l Co u rt re c o rd s, they we re identified at the ind u s t ry, and the Voting Re g i s t ration Em i s s i o n Pl a c e. Also the voting re g i s t ration that had the c u r rent numbers we re sent to the El e c t o ra l Co u rt, which did a new search. One industry w o rker was paid by the re s e a rch to do this s e a rch ove rt i m e. It took one month.
I n f o rmation from professionals of the i n d u s t ry 's health center and from workers employed at the industry for a long time
Reseachers asked the professionals of the health center and the workers that had been at the industry for a long time to look at the list of w o rkers that we re not on the El e c t o ral Co u rt re c o rds and if they knew, to identify their vital s t a t u s.
Household search in the city where the industry is located
This search was done for the 329 workers re g i st e red at the industry who we re living in the city w h e re the industry is located.
Fi ve people we re selected from the city w h e re the industry is located to do the searc h . If the worker or his (her) family we re living at the addre s s, the vital status was identified. If t h e re was another person living currently at the a d d re s s, they we re asked, or their neighbors we re asked if they knew any information conc e rning the work e r's where a b o u t s. People living in the city for a long time updated the names of the streets that had been changed. The household search took two months.
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Phone search at the city were the industry is located and at the state capital A phone search was done in the city where the i n d u s t ry is located and at the state capital. A similar search was done in the city where the i n d u s t ry is, in the capital of state, and in small cities around the area. It used the work e r's n a m e, the family name and the address (including neighbors) to search the phone numb e r s. At least one number was tried for each one of the 165 workers searched, but in some cases two or three phone numbers we re tri e d . One re s e a rch assistant and the coordination of the Brazilian cohort did the identification of the phones. The phone calls and the househ o l d s e a rch we re done simultaneously.
Identification of the state to where the workers migrated: Electoral Court search in other states T h rough the information gained during the household search and from workers employe d at the industry for a long time, the place of re sidence was identified for 24 work e r s. After that, the El e c t o ral Co u rt was asked to search for them in the registers of the specified states.
S e a rch in the Death Registration Office in the city where the industry is located, and in the oldest and largest Death Registration O ffice of the capital of the state
The Death Re g i s t ration Office of the city where the industry is located and the oldest and largest Death Re g i s t ration Office of the capital of the state we re searched to find the 297 lost work e r s who we re not found through other stra t e g i e s. In the Death Re g i s t ration Office of the city w h e re the industry is located, the data had two types of organization: books in order of date of death with an alphabetical resume at the end, and cards in alphabetical ord e r, but not ve ry well org a n i zed. The data was not computeri zed. One re s e a rch assistant took 2 months to do the searc h .
In the oldest and largest Death Re g i s t ra t i o n Office at the capital of the state, the data was c o m p u t e ri zed. The workers of the Death Re gi st ration Office had done this search in one we e k .
Cause of Death Identification
The search for cause of death was done in the Death Re g i s t ration Office of the city where the i n d u s t ry is located and in all seven Death Re gi s t ration Offices in the capital of the state. T h i s s e a rch was done for the 95 workers identified as dead. The process took one month. Just two of the Death Re g i s t ration Offices we re compute ri zed, the others we re org a n i zed in two ways: a book ord e red by date of death and cards in alphabetical ord e r. Some Death Re g i s t ration Offices we re contacted by phone in other cities w h e re some deaths we re re g i s t e red. The Office sent us a photocopy of the documents by mail or fax. For the cases that the search in the Death Re g i s t ration Offices we re unsuccessful, the family was contacted to get a photocopy of the Death Ce rt i f i c a t e. The workers of the De a t h Re g i s t ration Offices did the search of cause of death and one re s e a rch assistant got the De a t h Ce rtificates with the families.
R e s u l t s C o h o rt constru c t i o n
It has identified 3,622 workers that had been w o rking in the industrial area for more than one ye a r. It made a careful search to exclude repeated re c o rd s, to join complementary re c o rd s, and to pre s e rve the homonymous (Fi g u re 2).
Vital status identification Electoral Court searc h
From the list of 3,622 workers of the Pulp and Paper In d u s t ry, the El e c t o ral Co u rt identified 81 percent alive, 0.3 percent dead and 19 percent who we re not in their re c o rd s. Once the El e c t o ral Co u rt eliminated from the re c o rds the deaths that occurred seve ral years ago, it was identified re l a t i vely more workers alive t h a n dead. (Fi g u re 2 ).
Identification, at the industry, of the Vo t i n g Registration Emission Place and the curre n t number of voter re g i s t r a t i o n s
At the industry, the Voting Re g i s t ration Em i ssion Place was identified for all 19 percent of the lost work e r s, but the current number of the voting re g i s t rations we re available only for one p e rcent of the lost work e r s. With this information, the El e c t o ral Co u rt had done a new s e a rch, identifying 85 percent alive, 0.3 perc e n t dead and 15 percent we re still not in their re c o rds (Fi g u re 2).
I n f o rmation from professionals of the i n d u s t ry 's health center and from workers employed at the industry for a long time This strategy allowed us to identify 11 lost w o rk e r s, six workers we re alive and five workers we re dead. T h u s, the pro p o rtion of lost w o rkers was reduced to 14.6 percent (Fi g u re 2).
Household search in the city where the industry is located
For the 329 workers re g i s t e red as living in the city where the industry is located, the household search identified the vital status of 44.4 p e rcent of them. This strategy decreases the study loss to 10.6 percent (Fi g u re 2).
Phone search at the city where the industry is located and at the state capital T h rough the phone list, it was searched 165 w o rk e r s, identifying the vital status of 44.8 percent of them. The loss was reduced to 8.6 percent by the phone search (Fi g u re 2).
Identification of the state for where the workers migrated: Electoral Court search in other states
The 24 lost workers identified as migrant we re t raced in the specified states by the El e c t o ra l Co u rt. It has identified one worker as dead and 13 workers as alive. The pro p o rtion of lost w o rkers was reduced to 8.2 percent thro u g h this strategy (Fi g u re 2).
S e a rch in the Death Registration Office in the city where the industry is located and in the oldest and largest Death Registration O ffice of the capital of the state This strategy identifies only dead work e r s, re cognizing 25 percent of the deaths in the cohort . After this pro c e d u re, the study loss decre a s e d to 7.5 percent (Fi g u re 2).
Cause of death identification
Despite the difficulties in the Death Re g i s t ration Offices and the constraints in asking the family for the Re g i s t ration of Death, the cause of death was identified in 99 per cent of the cases ( Fi g u re 2 ).
D i s c u s s i o n
After four years of developing multiple stra t egies and using a va riety of sources we obtained the success to construct a cohort of 3,622 workers and to follow them until 1994 with an acceptable lost (Monson, 1990) . Despite all logistical difficulties, it was possible to complete the f o l l ow-up of this historical cohort study. As Bre s l ow & Day (1987) mentioned, the success with which the follow-up is achieved is pro b ably the basic measure of the quality of c o h o rt s t u d i e s.
In Brazil, like other countri e s, the access to personal data is re s t ricted by law (He rn b e rg , 1992). Howe ve r, this access can be facilitated to re s e a rc h e r s, if ethical re q u i rements are obs e rved. This study obtained an ethical approva l f rom the IARC and the Ethical Committee of the Faculty of Medicine of the Un i ve r s i d a d e Fe d e ral de Pelotas (UFPel), who considered the re l e va n c e, the objectives of the study, and the confidentiality of the data. The industry and the Chief Judge of the El e c t o ral Co u rt, taking into account the ethical commitment of the s t u d y, allowed access for all the data. Fu rt h e rm o re, as soon as the vital status was identified, the work e r's name and pare n t s' names we re excluded from the database. The greater pro b l e m re g a rding access to the data was the re s t ri c t i o n to do quality control in the search re a l i zed by the El e c t o ral Co u rt and the Death Re g i s t ra t i o n O f f i c e s.
The logistic was facilitated by the size and location of the invo l ved cities. The studied w o rkers mostly lived in the city where the ind u s t ry is located or in the capital of state. In many cases, industries are located in industri a l a reas with seve ral cities of different size s a round where the workers live. This can make it impossible or ve ry expensive for the household search, and the search in the Death Re g i st ration Offices, which was essential to re d u c e the losses.
The most important problem to deve l o p this historical cohort was the data quality. Ge ne ra l l y, seve ral problems can be found in the databases available in Brazil, such as under re g i s t ration, missing-data and outdated data, once they are collected regularly for other purposes than re s e a rch (Schilling, 1986) . Ho p e f u ll y, the state of Rio Grande do Sul has one of the best registers in the country. Ot h e rw i s e, form a l w o rkers need to update their registers to get new employment. Both aspects c o n t ribute to the data quality of the cohort .
On the other hand, in Brazil, each person has seve ral personal identification numbers, 1989; Ha l p e ring et al., 1996; He rn b e rg, 1992; Monson, 1990) . Hi s t o rical cohorts on mortality data may still be useful to investigate undiscove red occupational hazards that are fatal. The most imp o rtant study limitations are related to the quality of the information and the completeness of the follow-up (Bre s l ow & Da y, 1987; He rn b e rg, 1992; Schilling, 1986) . In this study, the selected strategies made it possible to identify the vital status of 93 percent of the cohort , and almost 100 percent of the cause of death of the deceased work e r s, thus achieving the req u i red completion of the follow -u p.
